DEFINE 



VOICE OF THE 
CUST OMER y 
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IDENTIFY AT LEAST ONECTS 
ASPECT AND CORRESPONDING 
TARGET VALUE (Y). 



CHARACTERIZE 



CHARACTERIZE EACH CTS ASPECT IN TERMS 
OF ITS CONTRIBUTING FACTORS (y), AND 

CHARACTERIZE EACH CONTRIBUTING FACTOR 
y IN TERMS OF ITS CONTROL FACTORS (x) 
AND NOISE FACTORS (n) IN A TRANSFER 
FUNCTION Y = f(x,n). 



OPTIMIZE 



SHIFT NOMINAL DESIGN VALUES FOR x SUCH 
THAT THE TARGET Y VALUE IS ATTAINED WITH 
MINIMUM VARIABILITY IN EACH CONTRIBUTING 
FACTOR y DUE TO EXISTING VARIABILITY IN 
x AND EXISTING NOISE FACTORS n. 
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REDUCE VARIABILITY IN x THROUGH 
CONVENTIONAL MANUFACTURING 

CAPABILITY IMPROVEMENT 
METHODOLOGIES SUCH THAT THE 
TARGET Y VALUE IS ATTAINED WITH 
MINIMUM VARIABILITY IN EACH 
CONTRIBUTING FACTOR y. 



VERIFY 



ASSESS THE EXTENT TO WHICH THE 
CTS Y IS ATTAINED AND MAINTAINED 
OVER THE LIFE OF THE PRODUCT 



J r 



z<5 >- 



CM j 



N !;; 



CO 

o 



CC 



o 
cc 
a. 



< 



LU O 
LU 

CO <C 



QC 
I — 
CO 



=5 QC 

^ O Q 
m CC < 
Q_ UJ 



CO 
ZD 

is 

CO 



CO 



»— CD 

o 



< 

© 



LU CD 

fc= 5 

S Q_ 



CD 

>■ 2 

==cc tz 
°- o 

Q_ 



>- 

DCS 

o< 



ZD CO 
CQ CO 

h- o 



o 



© 



o 



0 



o 
< 

0 



ZD 
DQ 



LU 
O 



CC 
LU 
CL 

X 



CD 
< 

CO 



o 
< 



< 



< 



l o 

l< 



< 



0 0 



o 

3 



< 



Si 



< 



< 



< 

0 



CO 



cc 



cc 



CQ 
X 



GO 

o 



o 



CO 



o cc 
s: o 
o y= 

CD ^ 

cc o 

LU O 



LU 

o 

CO 

o 

CD 

cc 
< 
o 

UJ 

CD 
< 
CD 
CD 
ZD 



< 



O 



5> 



CO 



ZD 

o 

0 



< 



ZD 



© 



o 
< 



o 
< 



< 



cd 

< 



< 



o 
< 

© 



CD 
<C 
CC 
ID 

a 



CD 



CO 
CO 



ZD 

a 



CC 



CO 

< 

LU 



CD 



CD 

@ 



o 
< 

© 



o 



CD 



o 
o 



LU 



CD 
< 



o 
cc 
h- 

o 
o 



CD 



CD 

© 



(5) 



o 



o 



CD 
< 



CD 
< 



CD 
< 

© 



CD 

(5) 



O 



CD 



©© 



cn 



□z 

CO 

cc 



CD 

h- 
CO 
CD 

o 



LU 

O 



CC 
LU 
D_ 

X 

; LU 

CD 



CC 

CD 



CD 



CD 

t: 

LU 

CD 



CC 

O 
u_ 
CC 

LU 

Q- 



O 

DC 



% SATISFACTION vs. RELATIVE LEVERAGE 
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IMPROVE... 

HIGH LEVERAGE ON OVERALL 
SATISFACTION, FEWER 
CUSTOMERS SATISFIED 


SUSTAIN/BUILD... 

HIGHER LEVERAGE ON OVERALL 
SATISFACTION, MORE 
CUSTOMERS SATISFIED 


REVIEW... 

LOWER LEVERAGE ON OVERALL 
SATISFACTION, FEWER 
CUSTOMERS SATISFIED, 
PAY PARTICULAR ATTENTION 
TO DISAPPOINTMENTS 


MAINTAIN- 
LOWER LEVERAGE ON OVERALL 
SATISFACTION, MORE 
CUSTOMERS SATISFIED 



Median 
% HIGH SATISFACTION 
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MEASUREMENT/ANALYSIS 

BGR&R 

V MEASURE INTERNAL PERFORMANCE 

• MEASURE EXTERNAL PERFORMANCE 

• GAP ANALYSIS 

• CONCLUSIONS 




PLANNING 

IDENTIFY SCOPE 
IDENTIFY MEASURES 
IDENTIFY EXTERNAL 
ORGANIZATIONS TO BENCHMARK 




CHANGE 

ESTABLISH GOALS 
DEVELOP ACTION PLANS 
COMMUNICATE RESULTS 



PERFORMANCE 
MEASURES 
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PRODUCTIVITY 














































INVENTORY 
TURNS 






















SCHEDULE 
ATTAINMENT 






















ROLLED 

THROUGHOUT 

YIELD 






















CASH 

n r\\ ft / 

FLOW 






















-SCHEDULE 
yjATTAINMENT 






















JsUPPUER 
























W QUALITY 




































SCALE: 
1 = LOV\ 
10 = Hit 
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O BASELINE 

□ BEST PERFORMANCE 


1 

3H 





KANO ANALYSIS 



CUSTOMER SATISFIED 
70 



EXCJTEWSI 
X-AXIS 



PRODUCT 
DYSFUNTIONAL 



CUSTOMER DISSATISFIED 




PRODUCT 

FULLY 
FUNTIONAL 



HOUSE OF QUALITY 




> CUSTOMER 



COMPETITIVE 
•> ^112 ASSESSMENTS 

/ 
ENGINEERING 
& TECHNICAL 



RELATIONSHIP 
MATRIX KEY 



©=9 
0=3 

A=1 
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CORRELATION 
MATRIX KEY 

©= STRONG POSITIVE 

+ = POSITIVE 

- = NEGATIVE 

0= STRONG NEGATIVE 



COMPETITIVE 
ASSESSMENT KEY 

O = OUR PRODUCT 

□ = COMPETITOR 1 

A = COMPETITOR 2 
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CREATE AN OVERALL FUNCTION MODEL FOR THE PRODUCT, 
SYSTEM AND PORTFOLIO 



DEVELOP AN ACTIVITY DIAGRAM: DEFINE SYSTEM 
BOUNDARY 



MAP Y's (CUSTOMER NEEDS) TO INPUT FLOWS 







FOR EACH FLOW, CREATE A FUNCTION CHAIN 
FROM INPUT TO OUTPUT 







AGGREGATE THE CHAINS INTO AN OVERALL 
FUNCTION STRUCTURE 



VALIDATE THE FUNCTIONAL DECOMPOSITION 







VERIFY THE MODEL AGGF 
{CUSTOME 


LEGATE AGAINST THE Y's 
iR NEEDS) 



END RESULT: 
A VALIDATED FUNCTIONAL MODEL 
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TRANSFER FUNCTIONS 



• A QUANTITIVE RELATIONSHIP BETWEEN DEPENDENT AND 
INDEPENDENT VARIABLES THAT CAN BE EXPRESED AS AN 
EQUATION OF THE FORM 

Y = F( yi ,....,y n n 

OR >190 

y = f(x 1 ,....,x n ) J 

. ACTUAL TRANSFER FUNCTION MAY LOOK SOMETHING 
LIKE THIS 



Y = aslny 1 +pcosy 2 + yy 3 , 

y = P 0 + PlXi a 1 + p 2 X2 a 2 + p3X3 a 3 + Ml , 

etc. 
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( START ) ' 
LIST CTY's AS FUNCTIONAL REQUIREMENTS 



IDENTIFY POTENTIAL ERROR STATES/FAILURE MODE 
FROM FMEA AND OTHER ENGINEERING WORK 



278 \ 



LIST x's & y's AS DESIGN PARAMETERS THAT DELIVER THE CTS Y's 
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IDENTIFY POTENTIAL NOISES FROM THE 5 CATEGORIES 
282 \ 

GENERATE FAILURE MODE vs. NOISE INTERACTION MATRIX 
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INITIATE NOISE FACTOR MANAGEMENT STRATEGY FOR KEY 
CHARACTERISTICS CONTROLLED BY MANUFACTURING (NOISE 1) 



INITIATE NOISE FACTOR MANAGEMENT STRATEGY FOR 
NOISES MANAGED THROUGH DESIGN 



INITIATE POTENTIAL TEST STRATEGY, 
CAPTURING INFORMATION FROM DVP&R 



INDICATE RELATIONSHIP BETWEEN CTS Y's AND TEST STRATEGY 



INDICATE RELATIONSHIP BETWEEN FAILURE 
MODES AND TEST STRATEGY 



INDICATE RELATIONSHIP BETWEEN NOISES AND TEST STRATEGY 



RUN TESTS AND SHOW RESULTS 
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NOISE 1 : TOTAL DESIGN/Mfg. VARIABILITY 


Piece-to-Diece variation or 


drawina toterance: i 


whichever is areater arid 


total scope applicab'le : 
















NOISE 2: COMPONENT CHANGES OVER TIME/MILEAGE I 


Chanoe in dimension or ! 


chanae in strenath 


over Useful Life Period 


(assumptions above) i 












NOISE 3: DUTY CYCLE/CUSTOMER USEAGE 1 


a 

a 


Customer usaae 


over Useful Life Period 


(assumption above)' 






NOISE 4; EXTERNAL ENVIRONMENT I 


Climatic conditions 3 


aeoaraDhic conditions ! 


NOISE 5" IN VEHICLE SYSTEMS ENVIRONMENT | 


Phvsical interfaces 1 


with associated systems \ 


: c/ ' 1 
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over Useful Life Period 1 


(assumptions above] !i 
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MORE J 
356 ROBUST k 



f(x) 




x a x b 
CONTROL FACTOR, x 



351 



"SHIFT" 

WHEN f(x) IS LINEAR, THE NOMINAL 
VALUE OF THE CONTROL FACTOR x 
HAS NO EFFECT ON THE VARIABILITY 
OF THE RESPONSE, f(x). 

CHANGE THE LEVEL OF THIS CONTROL 
FACTOR TO SHIFT THE RESPONSE 
WITHOUT AFFECTING VARIABILITY. 



2 




UNDER EXTREME 
NOISE, N1 




358 



y = f(x) 

UNDER EXTREME 
NOISE, N2 



x a Xb 
CONTROL FACTOR, x 



"SHIFT" 

WHEN THE CONTROL FACTOR x DOES 
NOT INTERACT WITH THE NOISE, THE 
NOMINAL VALUE OF x HAS NO EFFECT 
ON THE RESPONSE VARIABILITY. 

CHANGE THE LEVEL OF THIS CONTROL 
FACTOR TO SHIFTHE RESPONSE 
WITHOUT AFFECTING VARIABILITY. 



LESS 
ROBUST 



x a x b 
CONTROL FACTOR, x 



"SHRINK" 

WHEN f(x) IS NON-LINEAR, THE 
NOMINAL VALUE OF THE CONTROL 
FACTOR x CAN HAVE A MAJOR EFFECT 
ON THE VARIABILITY OF THE 
RESPONSE, f(x). 

CHANGE THE LEVEL OF THIS CONTROL 
FACTOR TO DESENSITIZE THE RESPONSE 
TO THE CONTROL FACTOR VARIABILITY. 



UNDER EXTREME 
LESS NOISMI1 




MORE 
ROBUST 



\ UNDER EXTREME 
NOISE, N2 



x a x b 
CONTROL FACTOR, x 



"SHRINK" 

WHEN THE CONTROL FACTOR x 
INTERACTS WITH THE NOISE, THE 
NOMINAL VALUE OF x CAM HAVE A MAJOR 
EFFECT ON RESPONSE VARIABILITY. 

CHANGE THE LEVEL OF THIS CONTROL 
FACTOR TO DESENSITIZE PERFORMANCE 
TO THE NOISE AND SHRINK THE 
RESPONSE VARIABILITY. 
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Vehicle/Part Name: 
Description: 



5.4L Engine Compression Ration 
Compression Ration Contribution 





Performance 


Transfer Function 


Characteristic 


Units 


Y/N 


Formula (enter here) 




CR-\ 


Ratio -x 


Y 


y = f(x, n) ^ 


. ^ . SL. 




Variables - / 


v Range 


Contribution 


No. 


Characteristic . 


. Units 


Min 


Max 


Sensitivity 


1 


Cyl Hd Cmbr Vol 


cc 






-0.27 


2 


Blk Dk Crk/Deck CI 


mm 


255.91 


256.04 


-0.12 


3 


Head Gasket Thk 


mm 


0.97 


1.06 


-0.055 


4 












5 












6 












7 












8 












9 












10 












11 












12 












13 












14 













15 



16 



17 



18 



19 



20 



Cell Shading Key 








Enter Data 

Do not enter data (Calculation) 





Confidence Ratings 



High (H) 


Estimate based on customer-correlated model of same parts 


Med (M) 


Estimate based on partial customer correlation or surrogate parts 


Low (L) 


Estimate without customer correlation or no process data available 
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^ Specification 


1 Predicted Performance Capability S 


Target 


LSL 


USL 


v mean: jj. 


s.d.: c 


Short/Long 


Confidence 


9 


8.85 


9.15 


8.898125 


0.094551 


\ Short 


High 
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x's, Input Control Factors 



to Variability 



Specification 



Sample/Database Statistics 



% 



LSL 



USL 



mean: jj. 



s.d-: a. 



Short/Long 



Confidence 



99.89% 



42.45 



45.45 



44.36 



0.35 



short 



H 



0.09% 



255.875 



256.125 



255.924 



0.02403 



short 



H 



.0,02% 



0.9 



1.12 



1.01536 



0.02146 



short 



H 



n's, Input Control. Factors -: 



Enter Formula (must refer to cells J13, J14, 
... representing xi, X2, ...) 

Do not enter data (Not applicable for Noise Factors) 
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